Background: Maternal thyroid function alters during pregnancy. Inadequate adaptation to these changes results in thyroid dysfunction and pregnancy complications. Objectives: This prospective study aimed to evaluate the prevalence of thyroid diseases in pregnancy and its outcomes in south of Iran. Materials and Methods: This prospective study was conducted on 600 healthy singleton pregnant women who aged 18 to 35 years old at 15 to 28 weeks of gestation. We investigated the prevalence of thyroid dysfunctions in women. Multivariate analysis was performed to determine the effect thyroid dysfunction on obstetric and neonatal outcome. Results: Thyroid stimulating hormone (TSH) levels of 0.51, 1.18, 1.68, 2.4, and 4.9 mIU/L were at 2.5th, 25th, 50th, 75th, and 97.5th percentile in our population. The prevalence of clinical hypothyroidism, subclinical hypothyroidism, overt hyperthyroidism, and subclinical hyperthyroidism in all pregnant women was 2.4%, 11.3%, 1.2%, and 0.3%, respectively. In addition, 1.4% of patients had isolated hypothyroxinemia. Clinical hypothyroidism was associated with increased risk of preterm delivery (P = 0.045). Subclinical hypothyroidism had a significant association with intrauterine growth restriction (IUGR) (P = 0.028) as well as low Apgar score at first minute (P = 0.022). Maternal hyperthyroidism was associated with IUGR (P = 0.048).
Background
Maternal thyroid function changes during pregnancy and inadequate adaptation to these changes results in thyroid dysfunction (1, 2) . Some of these alterations in thyroid function occur due to increased thyroid hormone-binding globulin (TBG) concentration, increased iodine clearance in the kidneys, and thyrotrophic effect of human chorionic gonadotropin (HCG) (3, 4) . In previous studies, the prevalence of overt hypothyroidism was 1% to 1.5%, (1) (2) (3) (4) (5) (6) (7) (8) (9) and prevalence of subclinical hypothyroidism was 5% to 8% (8, 10) . The main pregnancy complications of hypothyroidism were anemia, preeclampsia, prematurity, low-birth weight (LBW), fetal distress in labor, fetal death, and congenital hypothyroidism, and neurocognitive deficits in children. Subclinical hypothyroidism might be associated with preterm delivery and low Apgar score (1-3, 11, 12) . Overt hyperthyroidism and subclinical hyperthyroidism affects about 0.2% to 0.8% and 0.4% to 1% of pregnancies, respectively (1) (2) (3) 13) .
Maternal hyperthyroidism may cause preterm delivery, intrauterine growth restriction (IUGR), and neonatal thyrotoxicosis (1) (2) (3) 14) . According to the last published guidelines on 2012 for the management of thyroid dysfunction during pregnancy and postpartum, "Universal screening of healthy women for thyroid dysfunction before pregnancy is not recommended" and "The committee could not reach agreement with regard to screening recommendations for all newly pregnant women." Increased knowledge about the interaction between the thyroid and pregnancy has changed our view about the definition and diagnosis of thyroid dysfunction in pregnancy (15) (16) (17) (18) ; for example, we have recently found that thyroid stimulating hormone (TSH) level of 2.5 mIU/L in the first trimester has been accepted as the upper limit of normal range (15) . This fact has an important implication in interpretation of the previous literature as well as a critical effect on diagnosis of clinical hypothyroidism.
Considering these changes, the American thyroid association has published a new guideline in 2011 for an accurate diagnosis and management of thyroid disease in pregnancy. This guideline determined the normal limits of TSH in the second trimester as 0.2 to 3 mIU/L and free thyroxin (FT4) as 12 to 30 pmol/L (15) . Subsequent to these changes in definition of thyroid diseases in pregnancy, it is necessary to reevaluate the accurate prevalence of thyroid diseases in pregnancy and their mentioned effects in previous studies (1) (2) (3) (12) (13) (14) .
Objectives
Recent changes in definition of thyroid diseases in pregnancy has resulted in changes in interpretation of previous studies about the prevalence and effect of thyroid diseases on pregnancy outcomes after 2011. In addition, due to lack of sufficient data about the prevalence and pregnancy outcomes of thyroid disease in Iran, this prospective study aimed to evaluate the prevalence of thyroid diseases and its outcomes in pregnancy in Fars Province, south of Iran.
Material and Methods

Studied Population
This prospective study included 600 singleton pregnant women who were in consecutive follow-up at Shiraz University of Medical Sciences obstetric hospitals (Zeinabieh Hospital and Hafez Hospital), Shiraz, Iran. Shiraz is the capital city of Fars Province in the south of Iran. In 2000, Iran was considered as an iodine sufficient country by the World Health Organization and in previous reports, Iranian pregnant women were also Iodine sufficient (19, 20) . This study was conducted from June 2011 to March 2012. Informed consent was obtained from each patient included in the study and the study protocol conforms to the ethical guidelines of the 1975 Declaration of Helsinki as reflected in a priori approval by the Shiraz University of Medical Sciences' Human Research Committee. Inclusion criteria were healthy singleton pregnancy, residents in Fars Province, and pregnancy with gestational age of 15 to 28 weeks. In the first visit, individuals at high risk for thyroid illness according to their medical history, physical examination, or prior biochemical information had been considered and the women were excluded if they had known chronic diseases such as thyroid diseases, usage of thyroid drugs, diabetes mellitus, and hypertension. Data about maternal age, parity, obstetric history, gestational age (determined by last menstrual period), medical history of thyroid drug usage, and physical examination of the mother were collected twice: in the second trimester of pregnancy and at delivery. Physical examination of the neonate was done in delivery room to determine Apgar score, resuscitation at birth, weight, Head circumference, and length in the hospital.
Definition of Complications
preeclampsia was diagnosed when a pregnant woman develops both of the followings: 1) systolic blood pressure > 140 mm Hg and/or diastolic blood pressure > 90 mm Hg at two separate visits with at least six hour interval in a previously normotensive woman; and 2) proteinuria ≥ 0.3 g/24 hours (21). IUGR was defined as birth weight ≤ 10th percentile for its gestational age (22, 23) . Preterm delivery was defined as the delivery before the end of 37th week of gestational age (24) . Apgar score was determined by evaluating the newborn on five simple criteria on a scale from zero to two and summing up the five values. The resulting Apgar score ranges from zero to ten. The five criteria are appearance, pulse, grimace, activity, and respiration. The first minute Apgar score < 7 was defined as low Apgar score (25).
Thyroid Function Tests
For thyroid function tests (TFT), 10-mL blood sample of pregnant women was drawn at the first visit in the second trimester; then it was centrifuged and stored in aliquots at -70°C until assays, which were done after delivery. TFT were assessed by quantitative analysis of serum TSH and FT4 (Electrochemiluminescence, CobasE411, Japan). The inter-assay and intra-assay coefficients of variation were respectively < 8.6% and < 8.7% for TSH; in addition, these values were < 2.9% and < 6.6% for FT4, respectively. TSH was mentioned as mIU/L and FT4 as pmol/L.
Categorizing Thyroid Function Tests
According the last guideline of American Thyroid Association (ATA) for the diagnosis and management of thyroid disease during pregnancy and postpartum (15) , the reference range for the second trimester TSH and FT4 was 0.2 to 3 mIU/L and 11.84 ± 3.86 pmol/L, respectively. Considering this recommendation and according to ATA guideline (15), we categorized pregnant women into five groups:
Category 1 (clinical hypothyroidism) was defined as an elevated TSH (> 3 mIU/L) in conjunction with a low FT4. In Women with TSH ≥ 10 mIU/L, irrespective of their FT4 level, were also considered as clinical hypothyroidism.
Category 2 (subclinical hypothyroidism) was defined if serum TSH was between 3 to 10 mIU/L with a normal FT4 concentration.
Category 3 (Normal), was those with TSH of 0.2 to 3 mIU/L and FT4 of 11.84 ± 3.86 to.
Category 4 (Subclinical hyperthyroidism) was defined as suppressed TSH (range, 0.1-0.2 mIU/L) with normal FT4.
Category 5 (Overt hyperthyroidism) was defined as any suppressed TSH (< 0.2 mIU/L) when accompanied by high FT4 and anyone with TSH < 0.1 mIU/L irrespective of FT4 level. In addition, we calculated the prevalence of isolated hypothyroxinemia according to ATA guideline in which TSH was in normal range but had low FT4.
Statistical Analysis
Analysis was done using SPSS 18 (SPSS Inc., Chicago, IL, USA). Normality of the quantitative variables was assessed by Kolmogorov-Simonov test. To compare difference across groups, ANOVA was used for normally distributed variables and Kruskal-Wallis test was used in those without normal distribution. Data were mentioned as mean ± SD or median. For serum TSH, free triiodothyronine (FT3), and FT4, 2.5th, 25th, 50th, 75th, and 97.5th percentiles were calculated by frequency analysis. Then the information about TFT was classified in five categories according to ATA guideline. As previously mentioned, category 3 was normal thyroid function pregnant women and was used as control group. The influence of thyroid diseases was analyzed by comparing the frequencies of each outcome in the abovementioned categories. Proportional data were compared using logistic regression analysis. This analysis was adjusted for the confounding factors. Results of analysis were mentioned as relative risk (RR) and the corresponding 95% confidence interval (95% CI). P value < 0.05 was considered as statistically significant.
Results
Out of 600 enrolled women in our study, 14 refused to follow the study. Ultimately, 586 women participated in our investigation to the end. The mean of participants age was 25.6 ± 3.6 years, mean of their weight was 63.4 ± 9.1 kg, and the mean of their height was 162.5 ± 6.7 cm. Fourteen women (2.4%) had clinical hypothyroidism, 66 (11.3%) had subclinical hypothyroidism, 2 (0.3%) had subclinical hyperthyroidism, and 7 (1.2%) had overt hyperthyroidism. isolated hypothyroxinemia was diagnosed in 1.4% of patients. General characteristics of the mothers (height, weight, and age) in each category are summarized in Table 1 . Only one mother was cigarette smoker. There was no significant difference in general characteristics of mothers in different thyroid function categories (P > 0.05). The mean of gestational age at delivery was 38 ± 1.9 weeks. The mean of the newborns head circumference was 35.4 ± 1.7 cm, mean of their weight was 2599 ± 385 g, and mean of their length was 50.9 ± 2.8 cm. The neonates had an Apgar score of 8.4 ± 1.1 at first minute of delivery. General characteristics of the neonates are categorized according to maternal thyroid function in Table 2 . 
(%.). c P Value across groups according to the diagnosis of thyroid functions (category I-V).
There was no significant difference between gestational age, head circumference, weight, length, and Apgar score of neonates in different thyroid function categories (P > 0.05). Distribution of serum TSH had a non-Gaussian distribution. After logarithmic transformation (log and ln), normality was not achieved. Therefore, the rank numbers of 2.5th to 97.5th percentiles were used to estimate the lower and the upper limits of the reference interval, respectively. 2.5th, 25th, 50th, 75th, and 97.5th percentiles for FT3 and FT4, which had normal distribution, were calculated by frequency analysis. These percentiles were calculated for TSH, FT3, and FT4. All data are summarized in Table 3 . Median (interquartile range) for subclinical hypothyroidism and overt hypothyroidism was 3.65 (3.18-4.93) and 12.1 (4.42-15.22), respectively. 
Pregnancy outcomes
Prevalence rates of preeclampsia, IUGR, preterm delivery and low Apgar score in participants were 6.3%, 7.5%, 14.5%, and 8%, respectively. Rout of delivery in 16.2% of mothers was cesarean section. In women with hypothyroidism, prevalence rate of preeclampsia, IUGR, preterm delivery, and low Apgar score was 7.5%, 13.7%, 21.2%, and 13.7%, respectively. Prevalence rates of preeclampsia, IUGR, preterm delivery and low Apgar score in women with hyperthyroidism were 0%, 22.2%, 11.1%, and 11.1%, respectively. All data are summarized in Table 4 .
Hypothyroidism and Pregnancy Outcomes
Prevalence of hypothyroidism in pregnant woman was 13.7% (clinical, 2.4%; and subclinical, 11.3%). Hypothyroidism was associated with IUGR (P = 0.017) and low Apgar score at first minute (P = 0.04); it increased the risk of IUGR by 2.2 times and low Apgar score by 1.95 times. Clinical hypothyroidism had no significant association with preeclampsia (P > 0.05), but was associated with preterm delivery (P = 0.045). Subclinical hypothyroidism had a significant association with IUGR (P = 0.028) and low Apgar score at first minute (P = 0.022). It increased the risk of low Apgar score by 2.15 times and IUGR by 2.18 times. This regression analysis for IUGR was adjusted for maternal body mass index (BMI), age of mother, and occurrence of preeclampsia. Moreover, logistic regression analysis for neonates with low Apgar score was adjusted for delivery gestational age, maternal BMI, age of mother, and occurrence of preeclampsia. The adjustment for preterm delivery included maternal age, maternal BMI, and preeclampsia. The analysis adjustment for preeclampsia included age of mother and maternal BMI. After this adjustment, no significant change in associations was found, except for the preterm delivery. The association of clinical hypothyroidism and preterm delivery was not significant (P value = 0.116) after adjustment for confounding factors. All data are summarized in Table 4 . (6) 31 (6) 67 (13) 35 (7) Clinical Hypothyroidism (n = 14)
Frequency, No (%) 2 (14) 2 (14) 5 (36) 1 (7) RR (95% CI) c No significant change in associations was seen after adjusting the analysis for the confounding factors except for the P value of the analysis of clinical hypothyroidism and preterm delivery, which was change to 0.116 after adjusting this analysis for maternal BMI, age, and preeclampsia. Clinical Hyperthyroidism (n = 7)
Frequency, No. (%) 0 (0) 2 (28) 1 (14) 1 (14) RR ( 
Hyperthyroidism and Pregnancy Outcomes
Prevalence of hyperthyroidism in pregnant women was 1.5% (overt, 1.2%; and subclinical, 0.3%). Maternal hyperthyroidism was associated with IUGR (P = 0.048). It increased the risk of IUGR by 4.57 times. Nevertheless, it did not show a significant association with preeclampsia, preterm delivery, and low Apgar score. Only two mothers presented with subclinical hyperthyroidism and had no complication. Overt hyperthyroidism was associated with IUGR (P = 0.018). These results for each complication were not significantly changed in logistic regression analysis after covariates were adjusted for abovementioned confounding factors. All data are summarized in Table 5 .
Discussion
We have investigated the normal distribution of TSH in our 586 pregnant women and showed that our range for the level of TSH in Iran was higher than the ATA ranges (15) . Our data were similar to those of previous reported from India and Iran in which the ranges of TSH in the second trimester were about 0.43 to 5.78 and 0.5 to 4.1 mIU/L, respectively (26) (27) (28) . Differences in laboratory methods, differences in kits, maternal iodine status, and ethnic, genetic, and environmental factors in our and other similar studies could explain these differences. On the other hand, other studies report a lower range for TSH level (29) (30) (31) (32) (33) . After publishing the ATA guideline, we have found some studies in which the thyroid function status was evaluated according to this guideline (3, 7, 21) . The present study provides, for the first time, the data about the thyroid function status in Iranian pregnant women according to this new guideline. We found that prevalence of hypothyroidism in pregnancy was 13.7% (clinical, 2.4%; and subclinical, 11.3%). In addition, 1.4% of our pregnant women had isolated hypothyroxinemia. According to previous reports, prevalence of clinical hypothyroidism in pregnant women ranged from 1% to 3.5% and subclinical hypothyroidism ranged from 4% to 31% (1-8, 22 ). Prevalence of hyperthyroidism of pregnant women was 1.5% in our study (subclinical, 0.3%; and over, 1.2%). In previous reports, prevalence of hyperthyroidism was reported as 0.2% to 2% (1) (2) (3) (4) (5) (6) (7) (8) 22) . One of the causes of variation in prevalence of thyroid dysfunction might be variation in definition of normal range for TSH in different studies. The ATA recommendations could orchestrate the investigations about the prevalence and effects of thyroid dysfunction and prevent the errors in our interpretations and clinical judgment about the detrimental effects of thyroid dysfunction on pregnancy outcomes. Hypertension is one of the most important health problems related to both overt hypothyroidism and hyperthyroidism (1, 34) and to a lesser extent, to subclinical thyroid dysfunction (35) . The prevalence of preeclampsia was 6.3% in our pregnant women. Its prevalence was 6%, 7.5%, and 0% in euthyroid mothers, mothers with hypothyroidism, and mothers with hyperthyroidism, respectively. Although the prevalence of preeclampsia was higher in pregnant women with hypothyroidism, this difference was not statistically significant. A few investigations have reported that overt hypothyroidism increases the incidence of preeclampsia (8, 9) ; however most of the studies showed no significant association (1, 3, 7) . Prevalence of preterm delivery was 13%, 21%, and 11.1% in euthyroid mothers, mothers with hypothyroidism, and mothers with hyperthyroidism, respectively. We have found that thyroid dysfunction did not associate with preterm delivery. Spontaneous abortion and preterm delivery have been reported in 17% to 31% of all pregnancies (36, 37) . The majority of them have no known risk factor (6) . One of the known risk factors is clinical or subclinical hypothyroidism (38) (39) (40) . Allan et al. showed that TSH level > 6 mIU/L was significantly associated with a higher frequency of pregnancy loss (39) ; however, one recent study showed no significant associations between TSH level and the risk of preterm delivery (41) . We showed that the association of clinical hypothyroidism and preterm delivery might be due to secondary confounding factors such as maternal BMI, age, and preeclampsia. Our study showed that both hyperthyroidism and hypothyroidism are associated with IUGR. A subclinical hypothyroidism of mother increases the risk of IUGR by 2.18 times. Overt hyperthyroidism increases the risk of IUGR for about 4.57 times. Consistent with our results, previous reports revealed that subclinical hypothyroidism was associated with IUGR (5, 8, 42) . It might be due to the essential role of thyroid hormones in growth and maturation of many tissues of the fetus like the brain, bones, and muscles (43) . We revealed that hypothyroidism is associated with low Apgar score and mothers with subclinical hypothyroid have 2.15 times greater risk for having low Apgar score neonates. Consistent with our results, Goel et al. showed a higher risk of fetal distress in mothers with subclinical or clinical hypothyroidism (44) . It seems that hypothyroidism exerts irreversible influences on the placenta and fetus during pregnancy and decreases the fetal ability to tolerate stress and therefore, neonates present with low Apgar scores at birth (45) . Thyroid peroxidase antibody was not evaluated, which was a limitation to our study. Therefore, future studies should evaluate thyroid autoantibodies in addition to TFT. In our study, we found that the hypothyroidism during pregnancy, even in subclinical form, could cause IUGR and low Apgar score. Although prevalence of hyperthyroidism in our pregnant women was very low, it could be associated with IUGR. Interventional studies are required to determine whether early diagnosis and treatment of thyroid diseases, even in the subclinical form, prevent their adverse effect on the fetus in Iranian pregnant women.
